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(54) Closed loop power control for low earth orbit satellite communications system 



(57)- A satellite communication system (1 0) includes 
at least one satellite communication signal repeater 
(12); at least one ground station (18) for transmitting a 
feeder link comprised of a plurality of communication 
signals to the at least one satellite communication sig- 
nal repeater; and a plurality of user terminals (13) each 
receiving one of the communication signals over a user 
link from the at least one satellite communication signal 
repeater. A method includes steps of measuring a qual- 
ity of at least one reference signal received by the user 
terminal, via the satellite; transmitting the measured 



quality of the reference signal received by the user ter- 
minal to the ground station; comparing the measured 
quality with a predetermined reference; and adjusting a 
transmit power of the ground station in response to a 
difference between the predetermined reference and 
measured quality. The transmit power of the ground sta- 
tion is adjusted so that a flux density of a downlink beam 
is substantially constant at the user terminal independ- 
ent of the location of the user terminal in the beam. 
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^ascription 

FIELD OF THE INVENTION: 

[0001] This invention relates in general to repeater- 
based communication systems and, in particular, to sat- 
ellite-based communications systems having bidirec- 
tional communication signal links between one or more 
satellites and at least one ground station. 

BACKGROUND OF THE INVENTION: 

[0002] Satellite-based communications systems 
are well represented in the prior art. By example, refer- 
ence is made to U.S. Patent No. 5,303,286, which 
issued on April 12, 1994 to one of the inventors of this 
patent application, and which is entitled "Wireless Tele- 
phone/Satellite Roaming System". Reference is also 
made to the numerous U.S. Patents, foreign patents, 
and other publications that are of record in U.S. Patent 
5, 303,286. 

[0003] Low earth orbit satellite systems have been 
proposed for worldwide for mobile, cellular-like commu- 
nications. These systems provide an ability to use low 
cost, hand-held communication devices, or user termi- 
nals, for communicating via satellite to parties in 
remote, rural, suburban and other environments. 
[0004] As one example, user links to and from one 
or more satellites may operate on a relatively low fre- 
quency, such as a UHF signal. The user links are con- 
nected by the one or more satellites to ground station- 
originated feeder links that operate at a higher fre- 
quency, e.g., 3 GHz to 40 GHz or more. The feeder links 
are connected to a terrestrial gateway which allows the 
user to gain access to the public switched telephone 
network (PSTN), a private network, or some other ter- 
restrial communications facility. 
[0005] In general, if the feeder link frequency is 
below 7 GHz there is small potential for signal impair- 
ment. However, for frequencies above 7 GHz the effect 
of rain on the links to and from a satellite becomes 
increasingly significant. Research by NASA and others 
have quantified this rain effect, and have found the 
impairment effect to be more severe in what are termed 
'rain cells' that are distributed around the site of a satel- 
lite uplink transmitter operating above 7 GHz. 
[0006] A further consideration in a wireless commu- 
nication system is the control of transmission power. By 
example, individual user links may be power controlled 
by a central site, such as a base station, after link 
impairment information between the user terminal and 
the base station is exchanged. This technique is gener- 
ally referred to as user terminal power control. A func- 
tion of this power control is to mitigate fading caused by 
trees, buildings and other RF-impairing factors within 
the user link. These impairments have the characteristic 
of reducing the signal power level to a lower level. To 
compensate for the reduction in signal level, the user 



terminal can be commanded to increase iis transminea 
power. Correspondingly, the user terminal may be able 
to request that the central station transmit at a higher 
power level. 

5 [0007] However, and in a satellite-based communi- 
cation system that uses satellites as repeaters, an 
increase in transmitted power from the user terminal or 
from a ground station, such as a gateway, can result in 
increased power being required for the satellite 

10 repeater. In that satellite power is a primary resource to 
be provided to and partitioned between many users, 
any increase in the power consumption of the satellite is 
undesirable. Furthermore, and for battery-powered user 
terminals, an increase in transmission power can have a 

75 detrimental impact on the number and duration of calls 
that can be made before the battery is required to be 
recharged. 

[0008] This problem is compounded if the feeder 
link itself becomes impaired, in that the effect will be a 
20 reduction in signal power in all associated user links. To 
compensate for the reduction in signal power, all user 
terminals may request the ground station to increase its 
output power, thereby significantly increasing the satel- 
lite power consumption. 

25 

SUMMARY OF THE INVENTION 

[0009] This invention is directed to a satellite com- 
munication system, and a method executed by same, 

30 for providing adaptive closed loop power control. In 
accordance with a method of this invention for operating 
a satellite communication system having at least one 
satellite and at least one ground station, the method 
comprises the steps of: measuring a quality of at least 

35 one reference signal received by a user terminal, trans- 
mitting the measured quality of the reference signal 
received by the user terminal to the ground station, 
comparing the measured quality, and adjusting a trans- 
mit power of the ground station on the basis of the com- 

40 parison. The reference signal being transmitted by the 
ground station through the satellite to the user terminal. 
The measured quality is compared with a predeter- 
mined reference. The transmit power of the ground sta- 
tion is adjusted in response to a difference between the 

45 predetermined reference and the measured quality so 
that a flux density of a downlink beam is substantially 
constant at the user terminal independent of the loca- 
tion of the user terminal in the beam. 
[0010] Further in accordance with this invention 

so there is provided a satellite communication system that 
includes at least one satellite and at least one ground 
station. In accordance with this invention the satellite 
communication system further includes means for 
transmitting an uplink reference signal, the satellite 

55 comprising a receiver and a transmitter, at least one 
user terminal and a processor coupled to the ground 
station. The satellite receiver receives the uplink refer- 
ence signal. The satellite transmitter transmits the refer- 
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ence signai as a repeaieo ciowniinK reference signal. 
The user terminal has a receiver for receiving the refer- 
ence signal repeated by the satellite. The user terminal 
further has means for measuring a quality of the refer- ' 
ence signal received by the user terminal, and also has 
means for transmitting the measured quality. The proc- 
essor is coupled to the ground station for adjusting a 
transmit power of the ground station based on the 
measured quality transmitted by the user terminal. The 
processor is programmed to at least one of adjust the 
transmit power such that a flux density of a downlink 
beam from the satellite is substantially constant at the 
user terminal independent of the location of the user ter- 
minal in the beam or adjust the transmit power to com- 
pensate for predicted variation in satellite gain and 
maintain the flux density of the beam above a predeter- 
mined threshold at the location of the user terminal. 
[0011] In another embodiment of the invention, the 
plurality of user terminals include a plurality of types of 
user terminals, and the method for operating the satel- 
lite communication system in accordance with the 
teachings found herein includes steps of measuring a 
quality of reference signals received by the user termi- 
nals, transmitting the measured quality of the reference 
signals received by the userterminals to the ground sta- 
tion, comparing the measured quality with a predeter- 
mined reference, and adjusting the transmit power of 
the ground station based on the comparison. The refer- 
ence signals are transmitted by the ground station 
through the satellite to the user terminals. The transmit 
power of the ground station is preferably adjusted to at 
least one of provide a predetermined percentage of all 
user terminals in a given one of the downlink beams 
with downlink signal quality above a common predeter- 
mined threshold, or to provide a predetermined percent- 
age of each type of user terminal in the beam with 
downlink signal quality above a corresponding predeter- 
mined threshold that is set independently for each type 
of user terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Examples of the invention will now be 
described in detail with reference to the accompanying 
drawings in which: 

Fig. 1 is block diagram of a satellite communication 
system that is constructed and operated in accord- 
ance with a presently preferred embodiment of this 
invention; 

Fig. 2 is a block diagram of one of the gateways of 
Fig. 1; 

Fig. 3A is a block diagram of the communications 
payload of one of the satellites of Fig. 1; 

Fig. 3B illustrates a portion of the beam pattern that 
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is transmineo rrom one of tne satellites ot Fig. l ; 

Fig. 4 is a block diagram that depicts the ground 
equipment support of satellite telemetry and control 
functions; 

Fig. 5 is block diagram of the CDMA sub-system of 
Fig. 2; 

Fig. 6 is a block diagram illustrating the satellite 
communication system having an adaptive power 
control function in accordance with this invention; 

Fig. 7 is a block diagram that illustrates in greater 
detail the components of the adaptive power control 
function; 

Fig. 8 is a logic flow diagram that illustrates a power 
control method of this invention; 

Fig. 9 depicts a two-level adaptive power control 
loop of this invention having an outer, global feeder 
link power control loop to compensate for bulk 
power impairments and a plurality of inner, user link 
power control loops to compensate for individual 
user link power impairments; 

Fig. 1 0 shows a second logic flow chart that illus- 
trates a second control method in accordance with 
this invention; 

Figs. 1 1 -11 B are logic flow charts that illustrates a 
third control method in accordance with this inven- 
tion; and 

Fig. 12 is a logic flow chart that further illustrates a 
step of the methods illustrated in Figs. 11 A and 
11B. 



40 DETAILED DESCRIPTION OF THE INVENTION 

[0013] Fig. 1 illustrates a presently preferred 
embodiment of a satellite communication system 10 
that is suitable for use with the presently preferred 

45 embodiment of the adaptive power control function of 
this invention. Before describing this invention in detail, 
a description will first be made of the communication 
system 10 so that a more complete understanding may 
be had of the power control function. 

so [001 4] The communications system 1 0 may be con- 
ceptually sub-divided into a plurality of segments 1 , 2, 3 
and 4. Segment 1 is referred to herein as a space seg- 
ment, segment 2 as a user segment, segment 3 as a 
ground (terrestrial) segment, and segment 4 as a tele- 

55 phone system infrastructure segment. 

[0015] In the presently preferred embodiment of 
this invention there are a total of 48 satellites in, by 
example, a 1414 km Low Earth Orbit (LEO). The satel- 
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iites 12 are distributed in eight orbitai piaries with six 
equally-spaced satellites per plane (Walker constella- 
tion). The orbital planes are inclined at 52 degrees with 
respect to the equator and each satellite completes an 
orbit once every 114 minutes. This approach provides 
approximately full-earth coverage with, preferably, at 
least two satellites in view at any given time from a par- 
ticular user location between about 70 degree south lat- 
itude and about 70 degree north latitude. 
[0016] As such, a user is enabled to communicate 
to or from nearly any point on the earth's surface within 
a gateway (GW) 18 coverage area to or from other 
points on the earth's surface (by way of the PSTN), via 
one or more gateways 1 8 and one or more of the satel- 
lites 12, possibly also using a portion of the telephone 
infrastructure segment 4. 

[001 7] It is noted at this point that the foregoing and 
ensuing description of the system 10 represents but one 
suitable embodiment of a communication system within 
which the teaching of this invention may find use. That 
is, the specific details of the communication system are 
not to be read or construed in a limiting sense upon the 
practice of this invention. 

[001 8] Continuing now with a description of the sys- 
tem 10, a soft transfer (handoff) process between satel- 
lites 12, and also between individual ones of 16 spot 
beams transmitted by each satellite (Fig. 3B), provides 
unbroken communications via a spread spectrum (SS), 
code division multiple access (CDMA) technique. The 
presently preferred SS-CDMA technique is similar to 
the TIA/EIA Interim Standardj "Mobile Station-Base 
Station Compatibility Standard for Dual-Mode Wide- 
band Spread Spectrum Cellular System" TIA/EIA/IS-95, 
July 1993, although other spread spectrum and CDMA 
techniques and protocols can be employed. 
[0019] The low earth orbits permit low-powered 
fixed or mobile user terminals 13 to communicate via 
the satellites 12, each of which functions, in a presently 
preferred embodiment of this invention, solely as a "bent 
pipe" repeaterto receive a communications traffic signal 
(such as speech and/or data) from a user terminal 13 or 
from a gateway 1 8, convert the received communica- 
tions traffic signal to another frequency band, and to 
then re-transmit the converted signal. That is, no on- 
board signal processing of a received communications 
Jraffic signal occurs, and the satellite 12 does not 
become aware of any intelligence that a received or 
transmitted communications traffic signal may be con- 
veying. 

[0020] Furthermore, there need be no direct com- 
munication link or links between the satellites 12. That 
is, each of the satellites 1 2 receives a signal only from a 
transmitter located in the user segment 2 or from a 
transmitter located in the ground segment 3, and trans- 
mits a signal only to a receiver located in the user seg- 
ment 2 or to a receiver located in the ground segment 3. 
[0021] The user segment 2 may include a plurality 
of types of user terminals 13 that are adapted for com- 



munication with the sateiiites 12. The user terminals 13 
include, by example, a plurality of different types of fixed 
and mobile user terminals including, but not limited to, 
handheld mobile radio-telephones 14, vehicle mounted 

5 mobile radio-telephones" 15, paging/messaging-type 
devices 16, and fixed radio-telephones 14a. The user 
terminals 13 are preferably provided with omnidirec- 
tional antennas 13a for bidirectional communication via 
one or more of the satellites 12. 

10 [0022] It is noted that the fixed radio-telephones 
14a may employ a directional antenna. This is advanta- 
geous in that it enables a reduction in interference with 
a consequent increase in the number of users that can 
be simultaneously serviced with one or more of the sat- 

15 ellites 12. 

[0023] It is further noted that the user terminals 13 
may be dual use devices that include circuitry for also 
communicating in a conventional manner with a terres- 
trial cellular system. 
20 [0024] Referring also to Fig. 3 A, the user terminals 
13 may be capable of operating in a full duplex mode 
and communicate via, by example, L-band RF links 
(uplink or return link 1 7b) and S-band RF links (downlink 
or forward link 17a) through return and forward satellite 
25 transponders 12a and 12b, respectively. The return L 
band RF links 17b may operate within a frequency 
range of 1.61 GHz to 1.625 GHz, a bandwidth of 16.5 
MHz, and are modulated with packetized digital voice 
signals and/or data signals in accordance with the pre- 
30 ferred spread spectrum technique. The forward S band 
RF links 17a may operate within a frequency range of 
2.485 GHz to 2.5 GHz, a bandwidth of 16.5 MHz. The 
forward RF links 17a are also modulated at a gateway 
1 8 with packetized digital voice signals and/or data sig- 
35 nals in accordance with the spread spectrum technique. 
[0025] The 16.5 MHz bandwidth of the forward link 
is partitioned into 13 channels with up to, by example, 
128 users being assigned per channel. The return link 
may have various bandwidths, and a given user termi- 
40 nal 13 may or may not be assigned a different channel 
than the channel assigned on the forward link. However, 
when operating in the diversity reception mode on the 
return link (receiving from two or more satellites 12), the 
user is assigned the same forward and return link RF 
45 channel for each of the satellites. 

[0026] The ground segment 3 includes at least one 
but generally a plurality of the gateways 1 8 that commu- 
nicate with the satellites 12 via, by example, a full 
duplex C band RF link 1 9 (forward link 1 9a (to the satel- 
50 lite), return link 19b (from the satellite)) that operates 
within a range of frequencies generally above 3 GHz 
and preferably in the C-band. The C-band RF links bi- 
directionally convey the communication feeder links, 
and also convey satellite commands to the satellites 
55 and telemetry information from the satellites. The for- 
ward feeder link 1 9a may operate in the band of 5 GHz 
to 5.25 GHz, while the return feeder link 19b may oper- 
ate in the band of 6.875 GHz to 7.075 GHz. 
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[GC27] i i'ic Satellite feeder nnk SntefificiS "i2g &nci 

12h are preferably wide coverage antennas that sub- 
tend a maximum earth coverage area as seen from the 
LEO satellite 12. in the presently preferred embodiment 
of the communication system 10 the angle subtended 
from a given LEO satellite 12 (assuming 10° elevation 
angles from the earth's surface) is approximately 110°. 
This yields a coverage zone that is approximately 3600 
miles in diameter. 

[0028] The L-band and the S-band antennas are 
multiple beam antennas that provide coverage within an 
associated terrestrial service region. The L-band and S- 
band antennas 12d and 12c, respectively, are preferably 
congruent with one another, as depicted in Fig. 3B. That 
is, the transmit and receive beams from the spacecraft 
cover the same area on the earth's surface, although 
this feature is not critical to the operation of the system 
10. 

[0029] As an example, several thousand full duplex 
communications may occur through a given one of the 
satellites 12. In accordance with a feature of the system 
1 0, two or more satellites 12 may each convey the same 
communication between a given user terminal 13 and 
one of the gateways 18. This mode of operation, as 
described in detail below, thus provides for diversity 
combining at the respective receivers, leading to an 
increased resistance to fading and facilitating the imple- 
mentation of a soft handoff procedure. 
[0030] It is pointed out that ail of the frequencies, 
bandwidths and the like that are described herein are 
representative of but one particular system. Other fre- 
quencies and bands of frequencies may be used with 
no change in the principles being discussed. As but one 
example, the feeder links between the gateways and the 
satellites may use frequencies in a band other than the 
C-band (approximately 3 GHz to approximately 7 GHz), 
for example the Ku band (approximately 10 GHz to 
approximately 1 5 GHz) or the Ka band (above approxi- 
mately 15 GHz). When using one of these latter two fre- 
quency bands the teaching of this invention becomes 
especially useful. 

[0031 ] The gateways 1 8 function to couple the com- 
munications payload or transponders 12a and 12b (Fig. 
3A) of the satellites 12 to the telephone infrastructure 
segments The transponders 12a and 12b include an L- 
band receive antenna 12c, S-band transmit antenna 
12d, C-band power amplifier 12e, C-band low noise 
amplifier 12f, C-band antennas 12g and 12h, L band to 
C band frequency conversion section 12i, and C band to 
S band frequency conversion section 12j. The satellite 
12 also includes a master frequency generator 12k and 
command and telemetry equipment 121. 
[0032] Reference in this regard may also be had to 
U.S. Patent No. 5,422,647, by E. Hirshfield et al., enti- 
tled "Mobile Communications Satellite Payload", as well 
as to U.S. Patent No. 5,787,336, by E. Hirshfield et al., 
entitled "Satellite Communication Power Management 
System", the disclosures of which are incorporated by 



reference herein in their entireties. 
[0033] The telephone infrastructure segment 4 is 
comprised of existing telephone systems and includes 
Public Land Mobile Network (PLMN) gateways 20, local 

5 telephone exchanges such as regional public telephone 
networks (RPTN) 22 or other local telephone service 
providers, domestic long distance networks 24, interna- 
tional networks 26, private networks 28 and other 
RPTNs 30. The communication system 10 operates to 

10 provide bidirectional voice and/or data communication 
between the user segment 2 and Public Switched Tele- 
phone Network (PSTN) telephones 32 and non-PSTN 
telephones 32 of the telephone infrastructure segment 
4, or other user terminals of various types, which may 

15 be private networks. 

[0034] Also shown in Fig. 1 (and also in Fig. 4), as 
a portion of the ground segment 3, is a Satellite Opera- 
tions Control Center (SOCC) 36, and a Ground Opera- 
tions Control Center (GOCC) 38. A communication 

20 path, which includes a Ground Data Network (GDN) 39 
(see Fig. 2), is provided for interconnecting the gate- 
ways 1 8 and TCUs 1 8a, SOCC 36 and GOCC 38 of the 
ground segment 3. This portion of the communications 
system 10 provides overall system control functions. 

25 [0035] Fig. 2 shows one of the gateways 18 in 
greater detail. Each gateway 18 includes up to four dual 
polarization RF C-band sub-systems each comprising a 
dish antenna 40, antenna driver 42 and pedestal 42a, 
low noise receivers 44, and high power amplifiers 46. All 

30 of these components may be located within a radome 
structure to provide environmental protection. 
[0036] The gateway 1 8 further includes down con- 
verters 48 and up converters 50 for processing the 
received and transmitted RF carrier signals, respec- 

35 tively. The down converters 48 and the up converters 50 
are connected to a CDMA sub-system 52 which, in turn, 
is coupled to the Public Switched Telephone Network 
(PSTN) though a PSTN interface 54. As an option, the 
PSTN could be bypassed by using satellite-to-satellite 

40 links. 

[0037] The CDMA sub-system 52 includes a signal 
summer/switch unit 52a, a Gateway Transceiver Sub- 
system (GTS) 52b, a GTS Controller 52c, a CDMA 
Interconnect Subsystem (CIS) 52d, and a Selector 

45 Bank Subsystem (SBS) 52e. The CDMA sub-system 52 
is controlled by a Base Station Manager (BSM) 52f and 
functions in a manner similar to a CDMA-compatible (for 
example, an IS-95 compatible) base station. The CDMA 
sub-system 52 also includes the required frequency 

50 synthesizer 52g and a Global Positioning System (GPS) 
receiver 52 h. 

[0038] The PSTN interface 54 includes a PSTN 
Service Switch Point (SSP) 54a, a Call Control Proces- 
sor (CCP) 54b, a Visitor Location Register (VLR) 54c, 
55 and a protocol interface 54d to a Home Location Regis- 
ter (HLR). The HLR may be located in the cellular gate- 
way 20 (Fig. 1) or, optionally, in the PSTN interface 54. 
[0039] The gateway 1 8 is connected to telecommu- 
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nication nstworivs through a standarci interface made 
through the SSP 54a. The gateway 18 provides an inter- 
face, and connects to the PSTN via Primary Rate Inter- 
face (PRI). The gateway 18 is further capable of 
providing a direct connection to a Mobile Switching 
Center (MSC). 

[0040] The gateway 18 provides SS-7 ISDN fixed 
signalling to the CCP 54b. On the gateway-side of this 
interface, the CCP 54b interfaces with the CIS 52d and 
hence to the CDMA sub-system 52. The CCP 54b pro- 
vides protocol translation functions for the system Air 
Interface (Al), which may be similar to the IS-95 Interim 
Standard for CDMA communications. 
[0041] Blocks 54c and 54d generally provide an 
interface between the gateway 18 and an external cellu- 
lar telephone network that is compatible, for example, 
with the IS-41 (North American Standard, AMPS) or the 
GSM (European Standard, MAP) cellular systems and, 
in particular, to the specified methods for handling 
roamers, that is, users who place calls outside of their 
home system. The gateway 18 supports user terminal 
authentication for system 1 0/AMPS phones and for sys- 
tem 1 0/GSM phones. In service areas where there is no 
existing telecommunications infrastructure, an HLR can 
be added to the gateway 18 and interfaced with the SS- 
7 signalling interface. 

[0042] A user making a call out of the user's normal 
service area (a roamer) is accommodated by the sys- 
tem 10 if authorized. In that a roamer may be found in 
any environment, a user may employ the same terminal 
equipment to make a call from anywhere in the world, 
and the necessary protocol conversions are made 
transparently by the gateway 1 8. The protocol interface 
54d is bypassed when not required to convert, by exam- 
ple, GSM to AMPS. 

[0043] It is within the scope of the teaching of this 
invention to provide a dedicated, universal interface to 
the cellular gateways 20, in addition to or in place of the 
conventional "A" interface specified for GSM mobile 
switching centers and vendor-proprietary interfaces to 
IS-41 mobile switching centers. It is further within the 
scope of this invention to provide an interface directly to 
the PSTN, as indicated in Fig. 1 as the signal path des- 
ignated PSTN-INT. 

[0044] Overall gateway control is provided by the 
gateway controller 56 which includes an interface 56a to 
the above-mentioned Ground Data Network (GDN) 39 
and an interface 56b to a Service Provider Control 
Center (SPCC) 60. The gateway controller 56 is gener- 
ally interconnected to the gateway 18 through the BSM 
52f and through RF controllers 43 associated with each 
of the antennas 40. The gateway controller 56 is further 
coupled to a database 62, such as a database of users, 
satellite ephemeris data, etc., and to an I/O unit 64 that 
enables service personnel to gain access to the gate- 
way controller 56. The GDN 39 is also bidirectionally 
interfaced to a Telemetry and Command (T&C) unit 66 
(Figs. 1 and 4). 



[0045] Referring to Fig. 4, the function of the GOCC 
38 is to plan and control satellite utilization by the gate- 
ways 18, and to coordinate this utilization with the 
SOCC 36. In general, the GOCC 38 analyses trends," 

5 generates traffic plans, allocates satellite 1 2 and system 
resources (such as, but not limited to, power and chan- 
nel allocations), monitors the performance of the overall 
system 10, and issues utilization instructions, via the 
GDN 39, to the gateways 18 in real time or in advance. 

10 [0046] The SOCC 36 operates to maintain and 
monitor orbits, to relay satellite usage information to the 
gateway for input to the GOCC 38 via the GDN 39, to 
monitor the overall functioning of each satellite 12, 
including the state of the satellite batteries, to set the 

75 gain for the RF signal paths within the satellite 12, to 
ensure optimum satellite orientation with respect to the 
surface of the earth, in addition to other functions. 
[0047] As described above, each gateway 18 func- 
tions to connect a given user to the PSTN for both sig- 

20 nailing, voice and/or data communications and also to 
generate data, via database 62 (Fig. 2), for billing pur- 
poses. Selected gateways 1 8 include a Telemetry and 
Command Unit (TCU) 18a for receiving telemetry data 
that is transmitted by the satellites 12 over the return 

25 link 1 9b and for transmitting commands up to the satel- 
lites 12 via the forward link 19a. The GDN 39 operates 
to interconnect the gateways 18, GOCC 38 and the 
SOCC 36. 

[0048] In general, each satellite 12 of the LEO con- 

30 stellation operates to relay information from the gate- 
ways 1 8 to the users (C band forward link 1 9a to S band 
forward link 17a), and to relay information from the 
users to the gateways 18 (L band return link 17b to C 
band return link 19b). This information includes SS- 

35 CDMA synchronization and paging channels, in addi- 
tion to power control signals. Various CDMA pilot chan- 
nels may also be used to monitor interference on the 
forward link. Satellite ephemeris update data is also 
communicated to each of the user terminals 13, from 

40 the gateway 18, via the satellites 12. The satellites 12 
also function to relay signalling information from the 
user terminals 13 to the gateway 18, including access 
requests, power change requests, and registration 
requests. The satellites 12 also relay communication 

45 signals between the users and the gateways 18, and 
may apply security to mitigate unauthorized use. 
[0049] In operation, the satellites 12 transmit 
spacecraft telemetry data that includes measurements 
of satellite operational status. The telemetry stream 

so from the satellites, the commands from the SOCC 36, 
and the communications feeder links 1 9 all share the C 
band antennas 12g and 12h. For those gateways 18 
that include a TCU 1 8a the received satellite telemetry 
data may be forwarded immediately to the SOCC 36, or 

55 the telemetry data may be stored and subsequently for- 
warded to the SOCC 36 at a later time, typically upon 
SOCC request. The telemetry data, whether transmit- 
ted immediately or stored and subsequently forwarded, 
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is ssnt over the GDM 39 as packet messages, each 
packet message containing a single minor telemetry 
frame. Should more than one SOCC 36 be providing 
satellite support, the telemetry data is routed to all of the 
SOCCs. 

[0050] The SOCC 36 has several interface func- 
tions with the GOCC 38. One interface function is orbit 
position information, wherein the SOCC 36 provides 
orbital information to the GOCC 38 such that each gate- 
way 18 can accurately track up to four satellites that 
may be in view of the gateway. This data includes data 
tables that are sufficient to allow the gateways 1 8 to 
develop their own satellite contact lists, using known 
algorithms. The SOCC 36 is not required to known the 
gateway tracking schedules. The TCU 1 8a searches the 
downlink telemetry band and uniquely identifies the sat- 
ellite being tracked by each antenna prior to the propa- 
gation of commands. 

[0051] Another interface function is satellite status 
information that is reported from the SOCC 36 to the 
GOCC 38. The satellite status information includes both 
satellite/transponder availability, battery status and 
orbital information and incorporates, in general, any sat- 
ellite-related limitations that would preclude the use of 
all or a portion of a satellite 12 for communications pur- 
poses. 

[0052] An important aspect of the system 1 0 is the 
use of SS-CDMA in- conjunction with diversity combin- 
ing at the gateway receivers and at the user terminal 
receivers. Diversity combining is employed to mitigate 
the effects of fading as signals arrive at the user termi- 
nals 13 or the gateway 18 from multiple satellites over 
multiple and different path lengths. Rake receivers in 
the user terminals 13 and the gateways 18 are 
employed to receive and combine the signals from mul- 
tiple sources. As an example, a user terminal 13 or the 
gateway 1 8 provides diversity combining for the forward 
link signals or the return link signals that are simultane- 
ously received from and transmitted through the multi- 
ple beams of the satellites 1 2. 

[0053] In this regard the disclosure of U.S. Patent 
No. 5,233,626, issued August 3, 1993 to Stephen A. 
Ames and entitled "Repeater Diversity Spread Spec- 
trum Communication System", is incorporated by refer- 
ence herein in its entirety. The performance in the 
continuous diversity reception mode is superior to that 
of receiving one signal through one satellite repeater, 
and furthermore there is no break in communications 
should one link be lost due to shadowing or blockage 
from trees or other obstructions that have an adverse 
impact on the received signal. 

[0054] The multiple, directional, antennas 40 of a 
given one of the gateways 18 are capable of transmit- 
ting the forward link signal (gateway to user terminal) 
through different beams of one or more satellites 12 to 
support diversity combining in the user terminals 13. 
The omnidirectional antennas 13a of the user terminals 
13 transmit through all satellite beams that can be 



:: seen'" from tne user terminal i3. 
[0055] Each gateway' 18 supports a transmitter 
power control function to address slow fades, and also 
supports block interleaving to address medium to fast 

5 fades. Power control is implemented on both the forward 
and reverse links. The response time of the power con- 
trol function is adjusted to accommodate for a worst 
case 30 msec satellite round trip delay. 
[0056] The block interleaves (53d, 53e, 53f, Fig. 5) 

w operate over a block length that is related to vocoder 
53g packet frames. An optimum interleaver length 
trades off a longer length, and hence improved error 
correction, at the expense of increasing the overall end- 
to-end delay. A preferred maximum end-to-end delay is 

75 150 msec or less. This delay includes all delays includ- 
ing those due to the received signal alignment per- 
formed by the diversity combiners, vocoder 53g 
processing delays, block interleaver 53d-53f delays, and 
the delays of the Viterbi decoders (not shown) that form 

20 a portion of the CDMA sub-system 52. 

[0057] Fig. 5 is a block diagram of the forward link 
modulation portion of the CDMA sub-system 52 of Fig. 
2. An output of a summer block 53a feeds a frequency 
agile up-converter 53b which in turn feeds the summer 

25 and switch block 52a. The telemetry and control (T&C) 
information is also input to the block 52a. 
[0058] An unmodulated direct sequence SS pilot 
channel generates an all zeros Walsh Code at a desired 
bit rate. This data stream is combined with a short PN 

3d code that is used to separate signals from different 
' gateways 18 and different satellites 12. If used, the pilot 
channel is modulo 2 added to the short code and is then 
QPSK or BPSK spread across the CDMA FD RF chan- 
nel bandwidth. The following different pseudonoise (PN) 

35 code offsets are provided: (a) a PN code offset to allow 
a user terminal 13 to uniquely identify a gateway 18; (b) 
a PN code offset to allow the user terminal 13 to 
uniquely identify a satellite 12; and (c) a PN code offset 
to allow the user terminal 1 3 to uniquely identify a given 

40 one of the 1 6 beams that is transmitted from the satellite 
12. Pilot PN codes from different ones of the satellites 
12 are assigned different time/phase offsets from the 
same pilot seed PN code. 

[0059] If used, each pilot channel that is transmitted 
45 by the gateway 1 8 may be transmitted at a higher or 
lower power level than the other signals. A pilot channel 
enables a user terminal 13 to acquire the timing of the 
forward CDMA channel, provides a phase reference for 
coherent demodulation, and provides a mechanism to 
so perform signal strength comparisons to determine when 
to initiate handoff. The use of the pilot channel is not, 
however, mandatory, and other techniques can be 
employed for this purpose. 

[0060] The Sync channel generates a data stream 
55 that includes the following information: (a) time of day; 
(b) transmitting gateway identification; (c) satellite 
ephemeris; and (d) assigned paging channel. The Sync 
data is applied to a convolution encoder 53h where the 
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u&ts is convuiutionsSiy encooed and subsequently biock 
interleaved to combat fast fades. The resulting data 
stream is modulo two added to the synchronous Walsh 
code and QPSK or BPSK spread across the CDMA FD 
RF channel bandwidth. 5 
[0061] The Paging channel is applied to a convolu- 
tional encoder 53i where it is convolutionally encoded 
and is then block interleaved. The resulting data stream 
is combined with the output of a long code generator 
53j. The long PN code is used to separate different user 10 
terminal 13 bands. The paging channel and the long 
code are modulo two added and provided to a symbol 
cover where the resulting signal is modulo two added to 
the Walsh Code. The result is then QPSK or BPSK 
spread across the CDMA FD RF channel bandwidth. 15 
[0062] In general, the paging channel conveys sev- 
eral message types which include: (a) a system param- 
eter message; (b) an access parameter message; and 
(c) a CDMA channel list message. 

[0063] The system parameter message includes 20 
the configuration of the paging channel, registration 
parameters, and parameters to aid in acquisition. The 
access parameters message includes the configuration 
of the access channel and the access channel data 
rate. The CDMA channel list message conveys, if used, 25 
an associated pilot identification and Walsh code 
assignment. 

[0064] The vocoder 53k encodes the voice into a 
PCM forward traffic data stream. The forward traffic data 
stream is applied to a convolutional encoder 53! where 30 
it is convolutionally encoded and then block interleaved 
in block 53f. The resulting data stream is combined with 
the output of a user long code block 53k. The user long 
code is employed to separate different subscriber chan- 
nels. The resulting data stream is then power controlled 35 
in multiplexer (MUX) 53m, modulo two added to the 
Walsh code, and then QPSK or BPSK spread across 
the CDMA FD RF communication channel bandwidth. 
[0065] The gateway 1 8 operates to demodulate the 
CDMA return link(s). There are two different codes for 40 
the return link: (a) the zero offset code; and (b) the long 
code. These are used by the two different types of 
return link CDMA Channels, namely the access channel 
and the return traffic channel. 

[0066] For the access channel the gateway 18 45 
receives and decodes a burst on the access channel 
that requests access. The access channel message is 
embodied in a long preamble followed by a relatively 
small amount of data. The preamble is the user termi- 
nal's long PN code. Each user terminal 1 3 has a unique 50 
long PN code generated by a unique time offset into the 
common PN generator polynomial. 
[0067] After receiving the access request, the gate- 
way 18 sends a message on the forward link paging 
channel (blocks 53e, 53i, 53j) acknowledging receipt of 55 
the access request and assigning a Walsh code to the 
user terminal 13 to establish a traffic channel. The gate- 
way 18 also assigns a frequency channel to the user 
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terminai 13. Both the userterminai 15 and the gaieway 
18 switch to the assigned channel element and begin 
duplex communications using the assigned Walsh 
(spreading) code(s). 

[0068] The return traffic channel is generated in the 
userterminai 13 by convolutionally encoding the digital 
data from the local data source or the userterminai voc- 
oder. 

[0069] The data is then block interleaved at prede- 
termined intervals and is applied to a 128-Ary modulator 
and a data burst randomizer to reduce clashing. The 
data is then added to the zero offset PN code and trans- 
mitted through one or more of the satellites 12 to the 
gateway 1 8. 

[0070] The gateway 1 8 processes the return link by 
using, by example, a Fast Hadamard Transform (FHT) 
to demodulate the 128-Ary Walsh Code and provide the 
demodulated information to the diversity combiner. 
[0071] The foregoing has been a general descrip- 
tion of a presently preferred embodiment of the commu- 
nication system 10. A description is now made of 
embodiments of the forward link power control system. 
[0072] The forward link is considered as the link 
from the gateway 18 to the user terminals 13 via at least 
one satellite 12. The feeder link 19 is considered to be 
that portion of the forward link which connects the satel- 
lite 12 to and from the gateway 18, while the user links 
17 are considered to be that portion of the forward link 
from which connects the satellite 12 to and from the 
user terminals 13. 

[0073] Referring to Fig. 6, the feeder link to one or 
more satellites 12 from the gateway 18 provides the 
drive power for the user links. The user links consume a 
considerable amount of power on the satellite 12. If 
there is no impairment on the feeder link, as between 
the gateway 18 and the satellite 12', the power of the 
satellite is maximized to its associated user links, 
thereby maximizing the efficiency and capacity of the 
total system. 

[0074] However, if the feeder link itself is impaired, 
as by a rain cell located between the gateway 18 and 
the satellite 12", the user link power control loop 
described previously will be activated whether or not a 
particular userterminai 13 finds itself impaired. That is, 
a user terminal 13 detecting a decrease in the signal 
power received from the satellite 12" will send a mes- 
sage over the reverse link requesting that the power of 
the forward link be increased. It can be appreciated that 
due to the attenuation in the feeder link signal due to a 
rain cell that all user terminals 13 receiving communica- 
tion signals from the satellite 12" will simultaneously 
experience a decrease in received power, and will 
simultaneously request that the feeder link power be 
increased. The resulting sudden surge in feeder link 
power translates to a significant corresponding increase 
in power consumption in the satellite 12", which oper- 
ates to repeat the feeder link signals to the user termi- 
nals 13 with a power that corresponds in a substantially 
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! i m c 3 ! fSShiOH tO the TcCciVcu feeder link. DOWef. 

[0075] That is, low earth orbit satellite systems, and 
other satellite systems generally track a satellite as it 
passes over the ground station, in this case the gateway 
18. This results in the gateway 18 antenna 40 being 
steered such that it may be transmitting the feeder link 
signal F1 through the rain cell. As a result, the signal 
level of feeder link portion F2 will be reduced compared 
to F1 . The feeder link portion F2 experiences additional 
path loss until it reaches the satellite 12". As a result of 
these losses ail user terminals 13 will demand more sat- 
ellite prime power. 

[0076] An outer power control loop is provided in 
the feeder link(s) at the gateway 18. The outer power 
control loop operates to increase the transmitted power 
from the gateway 18 antenna 40 in proportion to the 
attenuation caused by a feeder link impairment, in this 
case a rain cell. This outer power control loop thus 
maintains the power flux density received by the satel- 
lite 12" at a nearly constant level and, as a result, the 
user terminals 13 do not experience a significant 
decrease in received power from the satellite 12". 
[0077] The outer power control loop includes a ref- 
erence signal receiver 70 and a reference signal track- 
ing processor 72, as shown in Figs. 6 and 7. The 
reference signal receiver 70 and the reference signal 
tracking processor 72 operate in conjunction with the 
RF system controllers 43 and feeder link RF systems 
46, 50 (as shown in the gateway 1 8 block diagram of 
FigT 2)7 The reference signal receiver 70 monitors a 
downlink reference (R) signal from the satellites 12 at a 
specified frequency. This frequency is selected to be 
low enough so that it is not significantly impaired by the 
rain cell (for example a frequency in the S-band), and 
thus remains at essentially the same level at portion R2 
as at portion R1 . The reference signal receiver 70 
demodulates the received SS-CDMA signaf and outputs 
as a data stream 70a a reference signal received signal 
power indication to the reference signal tracking proces- 
sor 72 in the gateway 18. The reference signal tracking 
processor 72 processes the data stream 70a and issues 
error signals or commands to the one or more RF sys- 
tem controllers 43, which in turn control the gain of the 
feeder link RF system(s) 46, 50 on link 1 to link N of the 
gateway 18. In this manner the transmitted feeder link 
power is increased in proportion to the amount of atten- 
uation experienced by the feeder link between the gate- 
way 18 and a satellite 12. 

[0078] In greater detail, and referring also to the 
logic flow diagram of Fig. 8, at Block A the feeder link 
spread spectrum reference signal receiver 70 receives 
and demodulates each of the down link reference sig- 
nals R. Since the reference signal downlink frequency is 
significantly less than the uplink feeder link frequency, 
the majority of the rain loss (if any) is incurred by the 
uplink feeder link signal. Consequently, at Block B the 
received signal power indication signal is compared to a 
predetermined reference by the reference signal track- 



ing processor 72, and at 5iock C an error signai (E) pro- 
portional to the feeder link loss caused by a channel 
impairment, such as rain, is derived and output to the 
RF system controllers 43. That is, an error signal (E^ to 

5 E N ) is derived for each of the feeder links 1 -N. The error 
signal in turn is used by each RF system controller 43 to 
control, at Block D, the power of the composite feeder 
Jink that is comprised of the reference signal R, and all 
of the individual user terminal 13 communication sig- 

10 nals, to compensate for the rain loss. 

[0079] That is, the reference signal R is transmitted 
on the uplink feeder link with a predetermined PN code 
and a first frequency from gateway 18, is attenuated by 
RF impairments, such as a rain cell, between the satel- 

15 lite 1 2" and the gateway 1 8, is received and repeated by 
the satellite 12" at a second, lower frequency on the 
downlink, and is received, despread, demodulated and 
processed by the reference signal receiver 70 and the 
reference signal tracking processor 72. An error signal 

20 is next developed that indicates an amount of RF 
impairment that is occurring on the uplink feeder link, it 
being remembered that the uplink frequency band 
causes the feeder link to be more susceptible to RF 
impairments, such as rain, than the downlink signal 

25 from the satellite 1 2". The error signal is then employed 
to vary the uplink feeder link transmission power so as 
to cause the power level of each of the signals received 
by each of the user terminals 13 to remain substantially 
the same. 

3d [0080] It should be realized that an error signal can 
be provided to each of the RF system controllers 43, 
from which each RF system controller 43 derives a 
change in its associated feeder link power; or a change 
in feeder link power can be derived in the reference sig- 

35 nal tracking processor 72 from the error signal, for each 
RF system controller 43, and transmitted as a suitable 
power control command to the RF system controllers. 
[0081] Because of the ability of a spread spectrum 
receiver to separate multiple overlapping reference sig- 

40 nals from a plurality of satellites by using a unique PN 
code for each reference signal, a single reference signal 
receiver 70 may be utilized to independently control the 

[ feeder link uplink powers to each of the satellites 12 
within view of a particular gateway 18. That is, a distinct 

45 PN code is assigned to each reference signal. In this 
regard, the reference signal receiver 70 may employ a 
well-known RAKE receiver having a plurality of fingers 
for simultaneously despreading and tracking a plurality 
of the reference signals. Alternately the reference signal 

so receiver 70 may instead employ a single finger that is 
time multiplexed between the reference signals 
repeated by a plurality of satellites 1 2 that are in view of 
the reference signal receiver 70. in either case the 
uplink feeder link power is increased only as necessary, 

55 allowing more efficient use of the satellite capacity and 
minimizing coordination difficulties with other satellites 
12 in similar orbits and which share the same band of 
frequencies. This technique also minimizes the effect of 
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higher feeder link power for terrestrial coordination. 
[0082] For systems employing multiple downlink 
beams a plurality of reference signal receivers 70 (des- 
ignated 70' in Fig. 7) may be placed at suitable points 
over the gateway coverage area, and the reference sig- 5 
nal data stream is conveyed to the reference signal 
tracking processor 72 over terrestrial data lines, or as a 
data stream via the satellites 12. In this latter case the 
data stream can also be received by the reference sig- 
nal receiver 70 at the gateway 1 8 and then input to the 10 
reference signal tracking processor 72. 
[0083] As employed herein a received signal power 
or quality indication that is reported back to the gateway 
18 in the data stream 70a may be, by example, a 
received signal strength indicator (RSSI) measurement, 75 
or a signal quality measurement. The signal quality indi- 
cation could be based on, for example, a received bit 
error rate (BER) measurement, or on a frame error rate 
(FER) measurement derived from, by example, Viterbi 
decoder metrics. The quality indication could also be 20 
based in whole or in part on a subjective Mean Opinion 
Score wherein predetermined voice sequences are 
rated by a population of listeners. The signal power or 
quality indication is compared by the reference signal 
tracking processor 72 to a predetermined value, such 25 
as a reference signal strength or signal quality value, 
and the error signal is developed so as to represent a 
deviation between the two compared values. A goal of 
the outer power control loop is to minimize the feeder 
link power in" a manner that is consistent with the 30 
desired link quality. Minimizing the feeder link power, 
while simultaneously providing satisfactory user com- 
munications, thus conserves satellite prime power. 
[0084] The reference value to which the received 
signal power indication is compared is determined in 35 
accordance with a desired power level at which the user 
terminals 13 are to receive the communication signals 
that are repeated by the satellites 12 from the feeder 
link. The reference value need not be a fixed value, but 
can be varied depending upon, by example, total user 40 
load or demand, time of day, a total desired RF flux level 
at the ground within a given satellite spot beam (e.g., 
approximately 154 dBW/m 2 /4 kHz, as a function of ele- 
vation angle), etc. For the case where a plurality of ref- 
erence signal receivers 70 are located within, the area 45 
served by the gateway 18, the gateway 18 may process 
the inputs from the plurality of reference signal receivers 
70 and 70' by combining them in a predetermined man- 
ner, such as by an averaging or a weighted averaging 
technique. For the latter case reference signal power 50 
indications received from those reference signal receiv- 
ers 70' that are associated with a region having a high 
user density (i.e., urban areas) may be weighted more 
heavily than signal power indications received from 
regions with a lower user density. 55 
[0085] The power control technique of this invention 
thus compensates for impairments in the feeder links 
(e.g., rain attenuation for Ka or Ku band feeder links, 
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impairments due to a low elevation angle satellite 
receiving a C-band feeder link, impairments due to sig- 
nals received from impaired beams, etc.), and may also 
compensate for a degradation in satellite operational 
capacity overtime. 

[0086] Referring to Fig. 9, the closed loop power 
control technique of this invention may be viewed as a 
two-level adaptive power control loop 80 with an outer, 
global feeder link" power control loop 82 to compensate 
for bulk power impairments (e.g.-, those due to rain cells) 
and a plurality of inner, user link power control loops 84 
to compensate for individual user link impairments 
(such as those resulting from foliage). A time constant 
of the outer feeder link power control loop 82 is prefera- 
bly longer (for example, 5 to 10 times longer) than that 
of the inner user link power control loops 84. 
[0087] As an example of the closed loop power con- 
trol technique of this invention; if it is assumed that the 
user terminal dynamic power control range is 10 dB, 
and if a rain cell introduces an 8 dB loss to the S-band 
forward links received by the user terminals from a sat- 
ellite 1 2, then a 6 dB impairment in a user link caused by 
a fade may not be correctable. If, instead, the gateway 
18 compensates all user links for the 8 dB rain cell loss 
by increasing the feeder link power proportionately, then 
the dynamic range of the user terminal power control 
function is not adversely affected by the rain cell- 
induced loss. 

[0088] In accordance with this invention, the outer 
power control loop allows the gateways 1 8 to maintain a 
near-constant, desired flux density on the surface of the 
earth, compensating for losses in the forward link due to 
such factors as for example; uplink and downlink atten- ' 
uation, mispointing of the gateway antenna 40, variation 
of the satellite gain due to such factors as receive and 
transmit antenna patterns, and transponder gain uncer- 
tainty due to temperature. The outer power control loop 
of this invention does not require the signal transmitted 
by the gateway to be received by the gateway, or for a 
pilot signal to be transmitted from the ground, nor does 
it require a beacon to be transmitted from the satellite. 
[0089] In accordance with this invention, a gateway 
18 transmits, through one or more satellites 12, one or 
more signals, such as for example one or more signals 
on the pilot channels or the communication channels of 
the forward link, the signals being received by one or 
more user terminals 13 in one or more downlink beams 
covering the areas of earth viewable from the satel- 
lite^). At least some of the user terminals 13 measure 
the quality of the received signals, which may be either 
specific reference signals or normal communications 
signals. The user terminals 13 may be either of a known 
type 13', having a calibrated performance, which are 
located in specific known locations, or the terminals 
may include a variety of user terminal types 13" with a 
typical factory spread of performance which are gener- 
ally randomly or pseudo randomly distributed over the 
service area. The reference user terminals 13\ 13" 
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:.ar.s.,,;t . . .ensured signal quality data to the gateway, 
which adjusts the power of the reference signals based 
on the quality data from the terminals as well as based 
on other factors such as, for example, the type and loca- 
. tion of the receiving terminal. 5 
[0090] In greater detail, and referring also to the 
flow chart in Fig. 10, in the case where the reference 
user terminals 13' are of a calibrated type at known 
locations in the service area, the quality of the received 
signal is measured by each of the reference terminals 10 
13' in Step A. The reference terminals 13' may be 
located in any beam, including beams not visible from 
the gateway. In Step B, the reference terminals 13' send 
the measured quality (e.g., Ec/No and/or one or more 
measured error rates (e.g., frame or symbol)) to the cor- 15 
responding gateway 18 either by land line, or by trans- 
mitting the measured data back through the satellite 12. 
In Step C, the measured value received from the refer- 
ence terminal 13' is compared to a predetermined refer- 
ence or target value by the signal tracking processor 72 20 
in the gateway 18. The gateway transmit power of the 
reference signal is adjusted in Steps D and F of Fig. 10 
in response to the difference between the target and 
measured values. The gateway 18 adjusts the transmit 
power of the reference signal in Step D in order to main- 25 
tain the quality of the signal received by the reference 
terminal 13' substantially constant, thus holding the flux 
density at the terminal substantially constant independ- 
ent of the location of the reference terminal in the beam 
(assuming an omni-directional antenna at the reference 30 
terminal 13'). In Step F, the power adjustment of the 
transmitted signal performed by the gateway 18 may 
include a compensating factor which takes into account, 
for example, a predicted variation in the ground pattern 
of the forward link transmit and receive satellite anten- 35 
nas, and/or a variation in the transponder gain and path 
loss due to spatial changes between the satellite 12 and 
reference user terminals 1 3* (for example due to the sat- 
ellite moving along its orbital track). The variation in the 
transponder gain and antenna patterns as the satellite 40 
12 travels in orbit can be established based on prior 
measurements of satellite characteristics, which meas- 
urements are stored in a suitable data storage, such as 
the database 62 that is coupled to the gateway control- 
ler 56. The radiation pattern change and path loss may as 
be established from the relative positions of the satellite 
12, the gateway 18, and the location of the reference 
terminal 13'. In this case, the compensation factor used 
by the gateway 18 to adjust the power of the transmit 
signal allows the flux density at the reference terminal so 
13' to vary depending on the location of the reference 
terminal 1 3' in the beam, but prevents the flux density at 
the reference terminal 13' from falling below some mini- 
mum value so as long as the reference terminal is within 
a specific beam. This power adjustment, performed by 55 
the gateway 18 in Step F of Fig. 10, is generally pre- 
ferred to maximize the capacity of the satellite to sup- 
port communications traffic. However, if adequate 



satellite capacity is available, as determined in Siep E, 
the gateway 18 adjusts the power of the feeder link in 
accordance with Step D of Fig. 10 to maintain the flux 
density of the user link substantially constant in a spe- 
cific beam. 

[0091] The gateway 18 uses the variation in the 
power of the reference signals, adjusted as described 
above, to adjust the power of the communication signals 
in the forward link. Preferably, the adjustment function is 
processed by the signal processor 72 in the gateway 18 
(see Fig. 7) which is suitably programmed to adjust the 
transmit power of the gateway 1 8 to either maintain the 
downlink beam flux density at the terminal substantially 
constant (as per Step D of Fig. 10) or to otherwise to 
compensate for the predicted variation in satellite gain 
such that the flux density of the beam does not fall 
below the predetermined threshold (Step F). However, 
in an alternate embodiment, the processing of the 
adjustment function may be performed by one or more 
processors external to the gateway, with only the correc- 
tion signals being sent to the gateway 1 8. 
[0092] Referring now to the flow chart in Fig. 1 1 , in 
the case where the user terminals 13" include a variety 
of types, the outer power control loop operates in a 
manner similar to the above-mentioned method for cali- 
brated terminals 13', but does not require that the loca- 
tion of the reference terminals 13" be known. In this 
method, a plurality of the various types of reference ter- 
minals 13" can be somewhat randomly or pseudo ran- 
domly positioned over a service area. The reference 
terminals 13" receive the reference signals transmitted 
by the gateway 1 8 through one or more of the satellites 
12 and measure the quality (e.g. Ec/No) of the refer- 
ence signals in Step A1. In Step B1, the terminals 13" 
transmit the measured signal quality data back to the 
gateway 18 over land lines or back through one or more 
of the satellites 12. The gateway reference power is 
adjusted in Step CI based on metrics derived from the 
reported signal quality, independent of the position or 
distribution of the reference user terminals 13" in the 
service area. 

[0093] In accordance with this aspect of the inven- 
tion the gateway power is adjusted in a process, as 
shown in Fig. 1 1 A, in which the gateway 1 8 receives the 
reference signal quality metrics from the reference ter- 
minals 13", Step B1\ and adjusts the transmit power, 
Step C1\ and thus the signal quality for the multiplicity 
of terminals 13". This is accomplished so that a given 
percentage of the terminals in a single beam receive a 
signal quality above a specific, selectable threshold, 
independent of the location of the terminal in the beam 
or the type of terminal. In other words, the signal quality 
is established by a set threshold which is common for all 
terminal types in any location within a given downlink 
beam. 

[0094] In another process in accordance with the 
present invention, the signal quality for the multiplicity of 
terminals 13" is adjusted by controlling gateway power 
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as shewn in the flow chart of Fig. i 'i 5. Here; the gate- 
way 18, based on the quality metrics received (i.e. Step 
B1") from the terminals 13", adjusts the transmit power, 
in Step C1 ", such that the signal quality of the reference 
signals received by a specific percentage of each of the 5 
various types of reference terminals 13" in a given beam 
is above a specific selectable threshold that is set inde- 
pendently for each of the types of reference terminals 
13", independent of the location of the terminals in the 
beam. It is also within the scope of this invention that the 10 
gateway 1 8 adjusts the transmit power so that the signal 
quality received by the specified percentage of user ter- 
minals, of the type having the highest threshold from the 
thresholds set for each type, does not fall below this 
minimum threshold. rs 
[0095] Further in accordance with this invention, the 
gateway 18 respectively adjusts the transmit power, in 
Step DV of Fig. 11A and Step D1" of Fig. 11 B, to 
account for any variation in satellite gain from trans- 
ponder to transponder and beam to beam. In this case, 20 
the signal quality is adjusted in Step C1\ Fig. 11 A, such 
that at least the predetermined percentage of the refer- 
ence terminals 13" in each beam of the satellite 12 cov- 
ering the service area receive a signal quality above a 
predetermined threshold, regardless of type and loca- 25 
tion of the terminals within the beam. Otherwise, in Step 
C1" of Fig. 11 B, at least the predetermined percentage 
of each type of the reference terminals 1 3" receive a 
signal quality above a predetermined threshold set 
which is independently for each of the types of refer- 30 
ence terminals 13". 

[0096] The gateway 1 8 communicating with a vari- 
ety of different types of the user terminals in a given 
service area can employ either one of the above 
described power control methods independently or in 35 
combination. For example, the gateway transmit power 
may initially be adjusted (still in response to metrics 
from reference terminals 13") such that a given percent- 
age of terminals receive a signal quality above a spe- 
cific threshold (Step CV of Fig. 11 A). However, if 40 
satellite capacity is not sufficient then, the transmit 
power is adjusted such that a given percentage of termi- 
nals with the highest independent threshold receive a 
signal quality which is above that minimum threshold 
(Step C1" of Fig. 1 1 B). If satellite capacity is still insuffi- 45 
cient, the transmit power is further adjusted to account 
for variations in satellite gain from transponder to trans- 
ponder and beam to beam (see Steps D1 ', D1'\ of Figs. 
11 A, 1 1B). 

[0097] It is still within the scope of this invention, to 50 
control the signal quality by adjusting the gateway trans- - 
mit power substantially as described previously, except 
that the thresholds set in Steps CV, C1" are further 
compensated dynamically for position of the reference 
terminals 13" in the beam, shown in Steps E1\ E2" of 55 
Figs. 11 A, 11B. As illustrated in Fig. 12, this case 
requires that the approximate position of the terminal 
13" be determined by the gateway 18 Step G, and also 



that the substantially instantaneous beam paiiern on 
the earth for feeder link and user link beams be known 
or estimated, Step H. The satellite beam pattern is 
established in accordance with the present invention as 
described in greater detail further below. 
[0098] It is also within the scope of the present 
invention to further control the gateway transmit power 
similar to methods previously mentioned in connection 
with Figs. 1 1 -1 1 B, 1 2 except that the threshold is further 
dynamically varied as the satellite 12 and its corre- 
sponding beams pass over a predetermined region of 
the earth. In this case the thresholds used in any of the 
aforementioned steps are dynamically varied to account 
for variation in the projected quality of service over the 
expected terrain in the service area in this predeter- 
mined region of the earth. For example, if the service 
area is in a region of the earth such that the service 
area contains a significant amount of jungle, this tech- 
nique prevents a large amount of capacity being - 
expended to cover difficult terrain. 
[0099] It is also in accordance with this invention to 
create a history of the required gateway power over time 
in order to remove temporal variations due to rain and 
other signal impairments. By removing the temporal 
variations, the downlink power required to provide serv- 
ice to a particular geographic area may be determined 
using measured characteristics of the satellite, such as 
for example transponder gain. One method is to record 
the GW reference signal power as a function of time in 
order to determine the minimum amount of power to 
provide the desired signal quality. The minimum value 
will then provide the rain-free value. 
[0100] The above described method can also be 
extended to use the reference terminals to establish the 
profiles of the satellite beams. As the satellite beams 
move over the service areas the relative position of the 
reference terminal in the beam as well as the relative 
amount of power in the reference signals or conversely 
the quality of the reference signals is measured while 
the reference signal power is maintained constant. After 
being established, the satellite beam patterns are then 
input to the gateway power control process (e.g. Step H, 
Fig. 12) as discussed previously. 
[0101] While the invention has been particularly 
shown and described with respect to preferred embodi- 
ments and process steps thereof, it will be understood 
by those skilled in the art that the invention is not limited 
to only these particular methods and apparatus 
described in the preferred embodiments, or to only the 
process steps, the sequence of process steps, or in the 
structures depicted in the drawings. On the contrary, it is 
intended to cover all alternative, modifications, and 
equivalents as may be included within the scope of the 
invention defined by the appended claims. In particular, 
the scope of the invention is intended to include, for 
example, power control for ground based cellular com- 
munication system as well as medium earth orbit and 
geo-synchronous orbit satellite communication sys- 
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tems. in addition, other methods and devices embody- 
ing the present invention may be employed in other 
ground based or satellite data transfer systems with 
similar results. 

5 

Claims 

1. A method for operating. a satellite communication 
system having at least one satellite, at least one 
ground station, and at least one user terminal, com- 10 
prising the steps of: 



tne rererence signal ana runner comprising a 
transmitter for transmitting the reference signal 
as a repeated downlink reference signal; 

at least one user terminal with a receiver for 
receiving the reference signal repeated by the 
satellite, the user terminal having means for 
measuring a quality of the reference signal 
received by the user terminal, and having 
means for transmitting the measured quality; 
and 



measuring a quality of at least one reference 
signal received by the user terminal, the refer- 
ence signal being transmitted by the ground 75 
station through the satellite; 

transmitting the measured quality of the refer- 
ence signal received by the user terminal to the 
ground station; 20 

comparing the measured quality with a prede- 
termined reference; and 

adjusting a transmit power of the ground sta- 25 
tion in response to a difference between the 
predetermined reference and measured qual- 
ity, wherein the transmit power of the ground 
station is adjusted so that a f|ux density of a 
downlink beam is substantially constant at the 30 
user terminal independent of the location of the 
user terminal in the beam. 

2. A method as in Claim 1 , further comprising the 
steps of determining if available satellite capacity is 35 
sufficient when the ground station transmit power is 
adjusted so that the flux density of the downlink 
beam is substantially constant, and. if satellite 
capacity is insufficient, adjusting ground station 
transmit power to compensate for predetermined 40 
variations in satellite gain and maintain flux density 

in the downlink beam at the user terminal above a 
predetermined threshold. 

3. A method as in Claim 1 or 2, wherein the user ter- 45 
minal is of a type having a known calibrated per- 
formance, and is at a known location in the 
downlink beam. 

4. A satellite communication system comprised of at so 
least one satellite and at least one ground station, 
said satellite communication system further com- 
prising: 

means for transmitting an uplink reference sig- 55 
nal; 

the satellite comprising a receiver for receiving 



a processor coupled to the ground station for 
adjusting a transmit power of the ground sta- 
tion based on the measured quality transmitted 
by the user terminal, the processor being pro- 
grammed to at least one of adjust the transmit 
power such that a flux density of a downlink 
beam from the satellite is substantially constant 
at the userterminal independent of the location 
of the user terminal in the beam or adjust the 
transmit power to compensate for predicted 
variation in satellite gain and maintain the flux 
density of the beam above a predetermined 
threshold at the location of the userterminal. 

5. A method for operating a satellite communication 
system having at least one satellite, at least one 
ground station, and a plurality of user terminals 
located in downlink beams of the satellite, the plu- 
rality of user terminals including a plurality of types 
of user terminals, the method comprising the steps 
of: 

measuring a quality of reference signals 
received by the user terminals, the reference 
signals being transmitted by the ground station 
through the satellite; 

transmitting the measured quality of the refer- 
ence signals received by the user terminals to 
the ground station; 

comparing the measured quality with a prede- 
termined reference; and 

adjusting the transmit power of the ground sta- 
tion to at least one of provide a predetermined 
percentage of all user terminals in a given one 
of the downlink beams with downlink signal 
quality above a common predetermined 
threshold, or to provide a predetermined per- 
centage of each type of user terminal in the 
beam with downlink signal quality above a cor-, 
responding predetermined threshold set inde- 
pendently for each type of user terminal. 

6. A method as in Claim 5, wherein the step of adjust- 
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ing comprises hoiciing the aowniiriK signal quality 
for the predetermined percentage of user terminals 
of a type having the corresponding threshold which 
is a highest threshold from the thresholds set inde- 
pendently for each type of user terminal above the 5 
highest threshold. 

7. A method as in Claim 5, wherein the step of adjust- 
ing comprises accounting for variations in satellite 
gain between satellite transponder and between 10 
feeder link and user link beams of the satellite. 

8. A method as in Claim 5, wherein the step of adjust- 
ing comprises setting the at least one of the com- 
mon threshold, or thresholds set independently for is 
each type of user terminal to dynamically compen- 
sate for position of the user terminals receiving the 
reference signals in a given beam. 

9. A method as in Claim 5, further comprising the 20 
steps of determining profiles of satellite beam pat- 
terns in a service area of the satellite, and deter- 
mining the location of at least one of the user 
terminals within one of the beam pattern profiles. 
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